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(54) Intraocular lens and dye therefor 

(57) A yellow dye id capable of ctiemlcal bonding to 
a silicone which Is a material of an Intraocular lens or 
capable of oopolynierlzing with a radical poiymerlzable 
monomer which is a material of an IntraQcular lens. Such 
a dya is useful for providing lenses for eyes, having vis- 



ible light transmission propsftias near to those of human 
cryetaliina lonses, and may ba particuiarly etrectlve for 
soft lenses for eyes. 
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DAserlptlon 

[0001] The presQnt Invention relates to synthesis of a dyo and us© thereof rn an intraocular l©ns, 
[DQ02] Lately, inTlUdnces of blue violet light on ttie human body have been reported. As a result of these Influences, 
4 injuries to eyes, partlculany light harm to Oi© retina, are feared. Intraocular lenses which are Inserted In eyes after an 
operation Tor cataract, contact Jenses, implanls of the cornea and other Intraocular lenses should have a function of 
guarding agafnst rays having such high eneipy. The sun emits ultraviolet, visible rays and Inrrarod in large quanliUee. 
The sun emission, which arrives on the surface of the earth through the almoephore, constitutes UV-S (230-aQOnm), 
near ultraviolet or UV-A (300-400nm). visible rays (400-700nm) and near infrared rays (700*1400nm). Tlie human 
10 choroid mostly transmits near Infrared rays and visible spectnim undercgmnlon conditions. However, the oomea itiostiy 
absorbs UV-B so that the UV-B cannot reach the retina. 

[0003] Senility changes of the transmission properties of ultraviolet and visibio rays appear in humart cfystallinQ 
lenses by aging. The crystalline lenses freely transmit ultraviolet and visible rays In infancy, Iransmli tho rays loss with 
age, and become yaliowtsh gradually. Particularly, as the fransmlssfvlty of rays between 400nm and 500nm slowly 
IS lower, the visible view becomes yellowish. The visual function then becomes used to such conditions. For this reason. 
When the erystalline lenses of aged cataract patients are cut out and transparent artifldai lenses are Inserted into the 
eyes, the protedlva reactions of eyes, especially tissues of the retina and the Ilka In fundus oculi. to protect from 
uttraviotet and near ultraviolet rays are lowered. As a result the patient senses a bluish view altar ttie suigicai operation. 
It Is called Chromatopsia. 

so [0004] In recentyears, lan&es for eyes to protsct from harmful ultraviolet, particularly intraooular lenses, have become 
commercially available. These lenses are produced by mixing or chemical kionding of an ultraviolet absortaer, which 
cuts off lights of lees than 400nm, with a lens material, to lower the amount of Incident ultraviolet to the eyes and protsct 
the eyes from the harmful ultraviolet- Further, coloured intraocular lenses are available eommerelaily. These lenses 
are produced by mixing or copolymenzing an ultraviolet absorber and a dye, which has absorptbn at a visible short 

ss wave range, with a material of hard lenses. On the other hand, as the materials of intraocular lenses other than those 
of hard lenses, lenses produced by soft materials such as ^Ileon© elastomers and acrylic elastomers can be obtained 
commerclaUy. When a dye is directly mixed or dispersed Into these soft materials, there Is a possibility of bleeding out 
of the dye because of high molecular motion of the materials themsehfes. AccorOlnglyf in the case of producUon of 
coloured lenses with soft materials, the coloured molecuios should be rigidly bonded to the polymer of the materials. 

90 [D005] Japanese Patent Laid-open Publication HOI -298560 diseloses a material for an intraocular lens characterised 
by a poiymerizatrie Ultraviolet absorber having polymerlzable groups selected from the groups comprising of acryloyt, 
methactyloyl. vinyl, allyl and Isopropenyl and a polymerlzable dye having polymeriiabie groups eelocisd from the 
groups comprising of acryloyl, auyl and isopropenyl, which copolymerlzes with another polymerlzable monomer Ingre- 
dient ftkr lens pruduclion. Japanese Patent Laid-open Publication H08-5C3997 discloses a polymer lens material for 

$$ eyes, which contains one or more monomers for fonming lenses salected from the groups comprising Of aciylate mon- 
omers and methacrylate monomers and one or more polymerizable yellow dyes having one to four polymerizable 
acrylate or meth acrylaxe groups, wherein the dye part is substituted for each acrylato or methacrylete group by a spacer 
group of the following fomiule [II I]. 



wherein Is allcyl of less than 6 carbons; is a noncycllc organic spacer of less than ten atoms of C. H, St. 
O, N, P, S, CI. Br or F or a combination thereof; X is 0, NH or NR^, wherein is alkyi of C,~Cio; d. o, g and h are 
so independently Integers In the range 0-4; and c and f are independently Integers In the range 1^. 

IPOOeG Further, Japanese Patent Laid-open Publication HOd-187500 discloses dlaciylates/dlmethacrylates of the 
fbilGwing formula [IV^. 
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10 vimerein R* end R" ere Independently H or CHg. and are independontry hydnogen, alky! ol C^-Cgo. OCH3, OCgHg, 
OC3H7, orOC^Ha* i andj aro independently Intes^rs cf 1 or 2. R^, RB. R10 and R" are Independently noncyclic organic 
spacer groups of lass than 1 0 atoms, tho spacer group© being C, H, Si, O, N, P, S, CI, Br or F or eombl nations thereof, 
k and m aro Indepandently IntagonB in the range 1-6, 1 and n aro Independently integers In tha range 0-6, and X is O, 

NH or NR9, wherein R5 Is alkyi of C1-C10. 

19 [0007] TheBatochnlques disclosed In known feferertees apply a method for copolymerl^lng apolyirierizablecolourlng 
agant or an ultraviolet absorbing agent witli an acrylic or metnaeryllc polymer by radical polymerization Materials of 
the coloured imraocular lenses produced by theee techniques are bard polymethylmathacrylate. Although the above 
known techniques lake effect to provide etable hard lensee. there are many problems because a suitable method for 
colouring &oft intraocular lensas and a technique there for are not disclosed. Moreover, einee azo dyes generally inhibit 

«o radical polymerization ^ the possibility remains of unpoJymertod monomers or low molecular ingredients in polymer 
products. Some claims of these patent applkrations disclose dyes having a pnonolic hydioxyi group, I lowever, since 
iho phenolic hydroxyl group traps growth radicals in the polymerl2atlon, It Is not suited for radical polynrterlzation. Some 
claims of these patent appBcaiions disclose dyes using an allyl group as a polymertzaWo group. The ally! group Is poor 
in radical polymerization and ur^uitablc for such polymerlzatjon. Monomers having aciyJ or mathacryl groups have 

^ high reactivity and hign toxicity, so that these arc difficult to treat 

[D006] Prefermd em&odlmems of the present Invention aim to provide lenses for eyes having visible light trandmlsslon 
properties near to those of hunnan crystalline lenses, and partbularty colouring techniques effective for eoft lenses for 
eyee, 

[0009] According to one aspect of the present Invention, there Is provkied a dye for an Intraocular lens having the 
30 following tormulB [I] or [II]; 



HO 



40 




whsrein Ri is linear or branched alkyi of C^-Cio or phenyl; when is phenyl, ono or more hydrogens of its aromatic 
ring may be substituted by linear or branched alkyi of C^-C^o. linear or branched alkeicyl of C^-C^o. hydroxy, amino, 
45 sulfo, niiro. halogen, carboxy, -C(=0)-0-P* or -C(=0)-NH.R4, wherein is linear or 1 ) ranched alkyi of Ci-C,o: 

R2 Is linear or branched alkyi of C^-Cio. amino or phenyl; when R^ is amino, one or both hydrogens thereof may 
be substituted by linear or branched alkyi of or whan is phenyl, one or more hydrogens of its aromatic 

ring may be substituted by Gn ear or branched alkyi of Ci-C,o, linear or branched alkoxyl of C^-Ci q. hydroxy, amino, 
SO BUto, nllro, halogen, caiboxy, -C(:sO)-0-R+, -C(=OVNH-R*, wherein is Unear or branched alkyi of CyC^o^ 

R3 ie phenyl or naphthyl. one or more hydrogens thereof are linear or branched alkyi of Ci-C,o- Unear or branched 
alkoxyl of OyC^Qt hydroxy, amino, sulfo, nitro, halogen, carboxy, -C(pO)-0-R*, -C(=0)-NH-R*, wherein R* Is linear 
or branched alkyi of CyC^^i and 

in formula [I] , at laast one hydrogen of the aromatic ring constltutod in , R^ or is substituted by any of CHgC^^ 
-Xi-{CM2)n.: {CH2;=C(fl5)-(CHB)„,-}2N-(CH4)„-, or {CHa=C(R5)-(CHaVhN-C(=0)-(CHa)„-; wherein Is -O- or 
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«NR^-, R^and are independently hydrogeri, or linear or branched alkylof Ci'^Cio, and m and n are Independently 
integers In the range 0 1& 10: 



>1fl 



[m 



IS wherein R", H^^, R^^, R^*, R^^ R^^, R^^ R^^ R"*^, and R20 are Independently eeleeled from hydrogen, hydroxy, 

halogen, or linear or branched alJcyl of Ci^-C^g. and at least one of them Is a aubatltuted group represented by: 



20 



or 



CH2=CR"-X^^ 



N ^X" — 



wherein R^^ and are independently hydrogen or methyl. is hydrogen or linear or branched allcyl of C^—C^q, 
X''^ and X^^ indcpcndendy, have covalent bonds, or linear or branched bivalent spacer groups, or -(CHgjnn- 
0-(CH2)n.i Wherein m and n are Independently Integers In the range 0 to 10. 

ao [0010] The Invention extends to a colouring silicone material which Is obtained from chemical bonding of the dye 
represented by fomiiila [1] or [II] to a silicone polymer having hydroellyl groups. 

10011] The invention esttends 10 a colouring silicone material which is obtained rrom chemical bondlrtg of the dye 
represented by formula [1] or [11] and an ultnavlolet absorber having functional groups capable of chemical bonding to 
a silicone having hydro£ilyl groups. 

as [0012] In euch a colouring silicone material, the silicone having hydroBllyl groups may be selected fi^xn the group 
comprising a dimethyl&)l£»cana-methyihydrosOoxane copolymer, a diphenylsHoxane-phenylhydrosiloxane copolymer, 
polyethylhydro$Qoxane, a methylhydrosiloxane-phenylmethylsiloxane copolymer, a methylhydroeiloxone-octylmethyl- 
siloxane copolymer, a silicone resin containing hydroallyl groups and pofyph©nyi(dlmethylhydroslloxy)siloxane. 
[0013] The invention extends to a silicone elastomer obteinod by crofisllnWng of a silicone having hydrosilyl groups 

40 as above with a silicone having vinyl groups. 

[D014] The invention extends to a silicone elastomer obtained by erosslinklng of a silicone having hydrosilyl groupe 
as above with a silicone having vinyl groups and a sOiea. 

[pQ1 5] The Invention extends to an intraocular lens comprising a dye, colouring silicone material or silicone elastomer 
as in any of the preceding aspects of the invention. 

^ [0016] A yellouv dye according to a prefened embodiment of the present invention has a constitution able to bond 
chemically to transparent silicone having hydrosifyl groups by an addition reaction. Since the dye Is able to attach 
directly to polymer chains. It has a much lower tendency to exude from matarlals after shaping for use in the eyes. As 
a yellow dye according to a prefen-ed embodiment of the present invention has also radical polymerizabillty. it is possiole 
to obtain colounsd intraocular lenses by copolymeiizatlon with moncmer:^ of radical polymenzability such as acrylic 

so and styrene lypee. More preferably, lens materials are obtained by using a melhod other than radical polymertzatjon, 
namely by bonding the dye to a polymer cha irt. Yellow dyes according to preferred embodiments of the present Invention 
may have a nr^mum absorption of 350-450nm. Lenses for eyes, obtained by bonding both the yellow dye and another 
ultraviolet absorbing agent to silicone or by copolymertzation of the dye with a monomer constituting (snses, can shut 
off the greater part (more than 99%) of incident violet light to the eyes and lower blue light Intensity to reduce the bad 

59 influence of light upon eyes. The lenses can be used as Intraocular lenses, glasses, contact lenses and other lenses 
for eyes. 

[001 7] Coloured silicone obtained in a preferred emkx)d1ment of the present Invention has Its ebsotptlon band In the 
blue region. Theaiilcone does not exude dye. and fa suitat^efor use in contact with Ihmg organisms^ and for Icng-teim 
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uso m the eyes. 

[0018] For a better understanding of the invention, and to show how enf^bodloionts of the same may be canlod Into 
effect, examples thereof will now be oescribed, and reference will be made, by way of example, to the accompanying 
diagrammaiic drawings, in which: 

Figure 1 $hows a transmission spectrum of uttraviolei-vlslble light of a piaia sample of silicone elastomer in Example 
1 described below; and 
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Rgure 2 shows a transmission spectmm of ultraviolet-visible yght of a plate sample of sliioone elaatomer In Example 
a described below. 



{0019] An example of a yoilow dye a^Mfdlng to an ombodimant of tho present Invention, which has the possibility 
of addition bonding to silicone, hafi a baslo fikoiaton of azobenzeneorphonyla^opyrazotone, and it has unsaturated 
alkyi groups such as vinyl and allyl, to give th^ posslblBty of addition bonding to silicone polymerB. Moroover, ft has 

IS characteristics of blocking violet light and protaction of eyes from not only bluo Ught but also violet ilgnt by using a 
supporting misCture of ihe dye and an ultraviolet al:>$cii1aing agsnt having the possibility of addition bonding to silicone 
at the same time, or by using a mixture of the dye and silicone supporting an ultraviolet absorbing agent. 
■ [0020] A form of such a yellow dye is repreeented by a constitution of an enol type of the above general fonnuia [I], 
and also by a keto type of the fonnuia. 

so [0021] Examples of such compounds are 4-(4-acryloyloxyphBnyl)a2o-3-methyi-1-ph9nyl-5*pyrazolonB, 4-(4-meih- 
acryloylpnenyl)a2o-3-methyr-l -phenyl-6-pyrazolone, 4^(4-methacryloyloxypheny l)azo-3Hmethyl-1 -phenyl-6-pyra2olo- 
ne, 3-methyl-l -phenyM-(4-vinylphenyl)a2o-5-pyrazolone, 1 -(4-tert-butylphenyi)'3'methyl 4-(4-vlnyiphonyl)azo. 
S-pyrajolono, 4-(4-afVlph©nyl)a20-3-methyl-l -phenyf-S-pyrazolone, 4-(4-hydroxy-3-ailylphenyOa2o-3HfTiethyl-1 -pha- 
nyi-5-pyrazolone. 4-allyloxyphenylazo-3-mathyl-1-phBnyl-5-pyrazolone, 4-(4-allyloxymethyiphenyl)a20-3-methyh 

^ 1-phenyl-S-pyra2oIone, .4-allyloxycart}onylphenylazo-3-meihyi-1 -phenyl-5-pyrazolone, 4-(4-aiiyioxycaitonylphQnyl) 
a2o-3-metnyM -pheny1-5-pyrazolono, 4-(4-allyphenyl)azo-1-(4-tert-bulylphenyl)-3-mDthyl-5-pyrazoione, 4-{4-aliyloxy- 
phenyl)azD-H4-tert-butylphBnyD-3-methyl-5-pyrazolono. 4-(4-aflyIoxycarbonylphenyl)azo-1-(4-tert-butylphenyl)- 
S-methyl-S-pyrazoione, 4-(4-aeryloylphenyl)a2o-l -t4-tert-biitylpheny l)-3-mathyl-5-py razolone, 4-(4-acryloyloxyphe- 
ny!)a2o-l -(44ert-butylphBnyD'3-methyl-5-pyrazolone, 1 '<4-teft-butylphenyl)-4-(4-methacryloylphenyl)a2o-3-methyl-' 

ao s-pyrazolone, i-(4-terl-buty|phenyl)'4-(4-mBthaciyioyioxyphenyOazo-3-methyl'6-pyrB^ l-(4-allylphanylV<5-me- 
thyi-4-phenylazo-5-pyrazotone, 1-(4-ailylphenyl)- 4'l4-tBrt-buiylphenyl)a2o-3-metnyh5-pyrazolone, 1-(4-Blly1oxyphe- 
nyi)-4-i4-tBrt-buiylphenyl)azo-3-methyl-5-pyra20lone, i-(4-allyloxy<Mubonylphenyl)-4-(4-ten-butylphenyl)a20-3-me- 
ihyl-5-pyrazolone, 1 -(4-aiiyiphenyl)-4-(2-terT-bLiiylphenyi)azo-3-metttyl-5-pyrazotane, 1'(4-BllylpheryO"4-(4^ec-butyI- 
phenyl)a2o-3-methyl-5-pyrazolone. l-(4-aJlylphQnyl>. 4-(2-lert-butylphenyl)azo-3-methyl-5-pyrazotone» 1-(4-allylphe- 

ss nyl>-4-(2-6eo-butylphenyl)azo-3-methyi-5-pyrazolone, i-(4-acryloylphenyi)-3-meihyl-4-pyeny1azo-5-pyraiolone. 
4-(3-methyH-phenyi-5-pyrazofone^-yI)azoaiiylannido, 4-(3-m©lhyl-1-phenyl'5'-pyrazolone-4-yl)azoa|fylanlIido, N-al- 
lyl-4-(3-methyl-1 -phcnyl-5-pyrazolone-4-yl)azobcnzamlde, N ,N-diallyi-4-(3-msthyH -pneny!^-pyrazoions-4-yl) 
azobenzamide and the IlkiG. but these are not limited to the above compounds, 

[0022] Examples of yellow dya embodying ti\e present invention also have the above general formula [11] In addition 
40 to those having the above general fomnula 



[I]. 

[0023] Examples of such compounds are N,N-dialIyl-4-aminoazobenzane, N-al]yl^-amlnoa20benzene, 4-ally- 
45 loxymethyiazobenzens, N,N-dimethacryl -4-amlnoa2oben2one, N-methaciyM-arrtnoazobenzene, 4'melhaery- 
iDxymethylazobeozene. N,f^diallyI-4-(2-aminoethyDa2oben2ene. N,N-diaflyl-4-aminomethyIazob©n5seno, N-allyl- 
4'(2-amlnoethyDazDben2Bne, N-allyl-4-aminom0thylazoben2ene, N,N-dlethyl-4-amino-3-allyla2obenzene. N.N-dlma- 
tnyl-4-amino-3-allyIazobenzQne. N,N-dlethyl-4-am!no-4'-ailylazobenzene, N;vl-dlmethyM-amino-4^allyla20bcnzene 
and the llke» but these are not limited to the above compounds. 
50 [D024] Preferred examples of dyee embodying the present invention are the following compounds 1 , 2, 3 and 4. 
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CH2=CH 




Compound 2 



S3 



40 



45 




Compound 3 



Compound 4 



so [D025] Compounds 1 , 2, 3 and 4 have a possibility of covalent bonding of a silicone polymer, by an addition reaction 
of tfia end C=C bonds thomselves with hydrosjiyi groups of sjlloone having ttic hydrosllyl groups. Because of the 
reaction, dye exudates from such obtained materials are very lltd©. Further It Is possible to Introduce those compounds 
into the polymer produced by radi^ polymerization. 

[0026] The above ciye compounds have a maximum absorbance of about 35o-450nm. Some of them have a weak 
55 absorbance at less than 350nm. In such compounds, another ultraviolet absorbing agent should be preferably used 
at the same time. There ere several typee of ultraviolet absorbing agents, suoh as benzophenone, benzotrlBzole, 
salicylic acid and Indole types, but such agents ere not limited to these types. It is Important that these types are used 
for compensating the atisorbanBe of the above dyes and have functional groups which are able to ohemioalty bind to 
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silicone to be main materials of lenses. 

[0027] Examples of such ultraviolet absorbing agenta are 2-(6-acfyloxyk)xyetriyloxy-2-hydroxy'3-t©rt-butylprienyl)- 
2H-benzotriflZOl, 2-(2-hyclroxy-5-flervioxyoxyprtenyl)-2H-ben2otriazote. 2-(2-hydroxy-4-methflciyioyloxyethoxy)- 
4-chloro-2H-benzoU'lazole,2-(2-riydroxy-3-tert-buiyH5-vinylphenyl)-5-chlonB-2H'b^ 2-{3-ally|-2-hydroxy- 
5 5-methylphenyl)-2H-baTizoiria2ole, 2-(3-ellyl-2-hyriroxy-5-teft-buiylphenyl)-2H-bBnzotrlazDte, 2-hydroxy-4-metliacry' 
joytoxybenzophenone. a-hydroxy-^^meihaorytoyJoxyethoxybenzophenon©, 4'acry|oyl□xy"2-hydro3(yben^op^aftona, 
4-acrytoyloxyaihoxy-2-hydroxybenzophenone and the like, but theso are not limited. 

[002&] By using a yellow dye as an exampia of the present Invention, having a possibility of addition reaollort to 
slllcajnc having hydrosilyl groups, an addition reaction uaing a catalyst such as platwiumcan provide silicone compounds 

io having a vary low risk of elirtion of the dyo directly bound to rho ellieono. 

[0029] £xampldfi of the above silicone compounds having hydrosilyl groups are dimethylslloxane-methylhydnosl- 
loxane copolymer, diphenylelloxano-phQnylhydroslIoxanft copolymor, polyethylhydi^slloxano, mQihylhydroBiloxane- 
phenylmothylsilQXartO copolymor, methylhydroeHoxane-octylmothylsltoxana copolymer, mathyl silicona resin contain- 
ing hydrosllyl groups, polyphenyKdlmathyihydrDsiloxy)siloxane and the like, but these are not limited to such com- 

t5 pounds. 

[0030] Catalysts using in the addition reaction of yellow dyes to silicone compounds ere cjeslrahly platinum com- 
pounds such as hydrogen chloroplalinate. platlnum-drvinyltetramethyldlslloxane. and platinum-tetrameihyiteiravlnyl- 
cyeloslloxane. Turther, a eilloone bound to the yellow dye ototalnad by the above method may provWo a silicone elasr 
tomer chemically bound to the yellow dye by crosslinldng with a silicone having vinyl groups. 
S0 [0031] Further, a silicone bound to the above yellow dye may provide a silicone elaacomer chemically bound to the 
yellow dye by crossllnKlng with a mixture of silicohe having vinyl groups and eilica. 

[D032] To fomi the above elaaxomer, catalysts such as platinum compounds such aa hydrogen ohioroplatinate, a 
platlnum-divlnyltetramcthyldislloxane complex, a platinum telramethylletravinylcydotetrasiloxanB complex and a plat- 
inum-alumina supporting catalyst can be used, and such catalysts provide a smooth crosslinking reaction. 

aff {0Q33] A yellow dye in accordance w^i one example of the present Invention can be chemlcally bound to Silicone 
having hydrosylH groups and then crosslinked with sIllconG having vinyl groups. Another method is that the yellow dye 
is mixed with sificone having hydrosllyl groups or silicon© having vinyl groups, and the mixture mixed with silcone 
having hydrosllyl groups and silicone having vinyl groups, and then the mixture Is crass-linked at the same time as the 
yellow dye is reacted to the hydrosllyl groups. 

30 [Q034] Upon mixing of the ailieone de&cri&ed above, It is preferable to homogeneously disperse the yellow dye k^y 
uaing an appropriate eolvent As such solvents, acetone, athanol, methanol, tetrahydrofuian, and dichloromethan can 
be exemplified. The yellow dye |b dissolved in the solvent and mixed with silicone, men. the solvent is distilled away 
with an evaporator, and the yellow dye can be unfformly dispersed In sDicone. 

ss Examples 

[0035] Tbe following are synthetic example^ of compounds as used in examples of the present invention, and ex- 
amples of use of such compounds. 

M Synthesis of compound 1 

1 . Synthesis of diazonlum benzoate 

[0036] P-amino benzoic acid 6.86 g (0.06 mol) was placed in a three necked flask of 1000 ml, 1 mol/1 of hydrochloric 
add 100 ml was added to dissolve the mixture. A mechanical stirrer, a themiometer and a dropping Tunnel of 200ml 
were attached to the three-necked tiask. Tlic flask was placed in an ice balh, and the temperature in the flask was 
kept at O-S^C. Sodium nrtrtte (fsiaNOg) 3.6 g (0.055 mol) was dlssoh^ed In 10ml of distilled water, and the solution was 
slowly added dropwiee from the neck into the flask for five minutes. The temperature in the flask was kept at 0-5'C, 
stirring was continued for 30 minutes, and yellow liquid was obtained to use for a subsequent reaction. 

50 

2. Synthesis of 4-<4'-carboxyphanylazo)^-melhyM-phenylpyfa2olone by azo coupling raactton 

[0037] 3-Methyl-l-phenylpyra2olone 10.4S g (0.06 mol) was dissolved In 1mol/l of aqueoue solution of sodium hy- 
droxide 100 ml and the solution was placed into the above dropping funnel. Vigorously stirring with a magnetic stirrer, 
55 tne above aqueous solutjon was slowly added dropwise for one hour while it was kept at 0-5''C. After all the solution 
had been added, 1 mol/l of aqueous solution of sodfum hydroxide 1 00ml was added, and the mixture was stirred for 
more two hours. After the reaction was finished, hydrochloric add was added dmpwise at room temperature, and 2N 
hydrochloric acid was slowly added dr^lsa to obtain a reaction solution of pH 2 with a monitor OT pH test paper A 
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large quantity of a pracipltate wa« produced. Tho procipitate) was filtered with Buchnerfunn9i suction. The precipitate 
was washed with distilled water until the pH of the filtrate was 7. The suction was continued until no further filtrate was 
obtained, and the residue was washed with acetone 500 ml. The precipitate was placed tn a heat drvar of 60*C and 
wae dried under reduced pressure overnight with a vacuum pump. 

3. Synthesis of 4-(4'-allyloxycarbonylphenylazo)<^-mechyl*i-phenyipyra2oione 



[OOSq Dried solid eg was collected from the above precipitate and placed In an oval fiask of 300ml. Thionyl chloride 
50ml was added, and a ball tippod cooler was attached to the f task. TTie flask was kept in an oil bath at 90*C ~- 1 00*C, 

10 and the mixture was reacted for 30 minutes. Afterthe reection was finished, thiony! ol>loride was distilled away under 
reduced pressure, Aliyi alcohol 50 ml and pyridine 5 ml were added into the flask^ and the mixture was stirred for 30 
minutes ai the oil bath tamperature of 90-1 Oo^O and cooled to room tdmperaturo. The reaction solution was placed in 
a separating funnol of 1000 ml, and dichloromothan 100 ml and distilled water 100 ml woro added. Tho solution was 
separated Into two layers, and water of the upper layer and organic layer of the lower layer appeared. The lower organ c 

ts Isyer was taken out of the funnel and washed with distilled water 1 00 ml. washed with 1 mol/l of aqueous solution of 
sodium hydroxide 100 mi three times, and washed with distilled water three times. It was confirmed with a pH test 
paper that the water layer had become neutral, TTie organic layer solution was taken out. after magnastum sulphate 5 
• g was added to the solution, tiie mixture was stinred tors minutes. Magnesium sulphate was filtered off without suction. 
Solvent was distilled away with an evaporator to obtain orange solid. The obtained solid was dissolved in msthanol 

30 200 ml and the mixture was submitted to heat filtralion and cooled. Needle crystals separated out slowly and wera iaft 
for about one hour in a refrigerator. The obtained needle crystals were separated by flitraiian, and dried In vacuo to 
obtain the crystals of the desired compound. 

H-NMR: da2.4, 4.8, 5.3-5.5. 6.0-6.1 , 72-73, 74, 79, 8.1 , l35ppm 
IT-IK: 3080, 1719, 1561. 1550, 1499. 1251, 11S9. 1108. 765cm-i 

25 

Synthesis of Compound 2 

1 . Synthesis of a diazonlum salt of 4-aminostyrene 

30 [D039] 1 N hydrochloric acid 1 00 ml was placed into a 1 000ml three necked flask equipping with a thermometer^ and 
4-amlno5tyrene 2.5 g was added and dissolved, ice cooling the f laaK, an aqueous solution 1 0 ml of sodium nitrfta 1 .45 
g was slowly added for about ten minutes. Ail reacdon solution was changed into gnsen brown. 

2. Synthesis of d-methyl-1-phenyh4-(4^vinylphenylazo)-S-pyra2olone by azo coupling reaotion 

39 

10040] 3-methyl-1 -phenylpyrazolone 3.7 g was dissolved in 1 N aqueous solution 200 mi of sodium hydroxide. The 
solution was placed In a dropping tunnel, and slowly added dropwise for about one hour into tho solution prepared In 
1 above. With dropping, a red brown prsclpftaie was produced In tne solution. After the dropping was finished, the 
solution was warmed to room temperature, and stirred for one hour. Measuring with a pH meter, 1 N hydrochtorb add 
40 was added to obtain a solution of pH 2. The solution was fittoFod with suction, and tho pradpltata was obtEuhed. The 
precipitate was washed wen with water, and dried In vacuo overnight 

2. Preparation of 3-meithy1-1 -phenyt4-(d-vinylphenylazo)^-pyFazolone 

45 [0041] Toluene 100 ml was added into the solid obtained in 2 above, and the mixture was heated to TD^'C and 
dissolved. The mixture was filtered wIthotA suction with filter paper to filter off impurftlas. After removing toluene with 
an evaporator, die residue was dried and recrystaliized from snnall amounts of methanol to ^taln needia crystals of 
the desired compound. 

H-NMR: d=2.4, 5.3, 5.7, 6.7, 7.2-7.3, 7.4-7.5, B.0, 13.7ppm 
SO fT-\R: 30S0, 3006. 2921 , 1654. 1582. 1560, 1501 , 1490.1341 , 1270. 1155.994, 913, 753cnr1 

Synthesis of Compound 3 

[0042] 4-amlnoazobenzene 1 g was dissolved In a mixtura of ethanol 40 mi and toiuena 5 rril in an oval flask of 200 
59 ml, and allyl bromide 10 ml was added. The flask was Immersed In an oil bath at 80*C and heated to reflux the mixture 
for 30 minutes. Then, by adding NaOH S g, the colour of the solution was changed Into greenish yellow. Allyl bromide 
1 0 ml was further added, and the mixture was refluxed at 80<'C for 30 minutes. After the reaction was tinishad, dichio- 
romethane 1 00 mi was added, and the solution was washed with 1 N NaOH aqueous solution three times and watar 
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100 ml three dmee. The dlchloromethane layer was taken out and the solvent was distilled away with an evaporator. 
After adding a small amount Off ethanol, ttie mixture was submitted to heatfiltrationandcooled in a refrigerator. Needle 
crystals separated out. The obtai ned crystals were filtered and dried in vacuo to obtain crystals of the desired compound. 
[0043] Further examples of the Invention are as follows. 



Exaiyiple 1 : Production of coloured silicone with compound 1 

[0044] Compound 1 0.01 2-hydroxy-4-melhaGryloyioxyeihoxybenzophenone 0.5g commerdatly availabia as an 
uitrevlolfit absorber, and KE-1 03 1 0Og (manufactured by Shinetu Silicone, prlnelpai constituent! vinyl-terminBted poiy^ 
dimethyleilpxanc] which is a transparent silicone of a two-part hanJ type commercially ava1lal»le as a principal material, 
these three compounds were mixed with stirring to uniformly distribute compound 1 end the ultmvlolst absorber. To 
the resulting principa) malerJal of sllicono in which compound 1 and the uttravlolst absorber wore uniformly dispersed, 
CAT-1 03, which fe a el licono-cross linking agent attached to KE-1 03, was mixed in the weight ratio of 1/1 0 per silicone. 
After removing bubbles by vacuum degassing, tho mixture was inteiposed with glass plates and heat cross-lini^d at 
15 lOO^C for 30 minutes to obtain a plele sample Of a coloured sllioono elastomer. Rgurel shows a transmlttanee spectrum 
of the uJtravioiet^islbie llglit of the plate sample. 

Example 2: ProductlPn of coloured acrylic resin with compound 2 

20 [D045] The following materials were mbced; compound 2 0.01 % by weight, phenylethyiacryiate 60% by wetght, phe- 
nylethyimethacrytaie 34% by weight, 1 ,3-prapanedloldlaciylate 3.5% by weight, 2-(2-hydrDxy-&'BciyioylDxyphenyl)- 
2H-benzotr{azoi 1 .5% by weighi. AIBN 1 % by weight as an initiator. The mbcture was imerpo&ed between glass plates 
and polymerized at 1 00 for 2 hours. After extracting unneacted materials from the polymer with acetoreby aSoxhIet's 
extractor, the polymer was dried in vacuo to obtain an acrylic plate sample. . 

2S 

Example 3: Production of coloured silicone with compound 3 

[CKM6] TolOOgofcornrnerciallyavailablatrimGthylsilyl-terminateddlmethvlslloxansHTiethylhydrosnom^ 

(Aldorlch} which was heated to 90 "^C, 0.1 g of compound 3 and 5 g of 2-hydroxy-4-mBlhacryloyloxyethoxybenzopha- 

30 none was added, and a commercial complex of platinum^dlvinyitetramethyldisllQxane (Aldorlch) was added to obtain 
platinum concentration ot 5 ppm. The mixture was raaoad at SO "Cfor one hour. After cooling the rsactant. flliratiDn 
was conducted with a 0.5fi membrane filter to obtain an orange sllicono crDss-llnking agent. The coloured silicone 
cross-linKing agent was mixed with (manufactured by Sinetsu silicone, principal conistftuent : vinyhtemilnaied 

polydimeuiylsiloxane) in the ratio of 1/10 per the principal material. After removing bubfiles by vacuum degassing, the 

35 mixture was interposed with glass plates and heat cross-linked at 100 "C Ibr 30 minutes to obtain a plate sample of a 
coloured silicone^ Figure 2 shows a tran&mittance spectrnm of the utimvlolet'Vl&lble light of the plate sample. 

Comparative Example 1: 

40 [0047] CLSolvem Yellow 16 of a commercial dye 0.01 g, 2-hydrwcy-4-methacryloyloxyothoxybenzophenone of a 
commercial poiymerlzable ultraviolot absorber 0,1 g, and a transparent silicone 1 00 g of a commercial two-part hard 
type as a prineipal material were nriixed wim stirring to distribute uniformly the dye and the ultraviolet absorber. The 
resulting principal material of coloured silicone and a usual silicone cross-linking agent were mixed with a suitable 
mixing ratio. The mlxtura was Interposed between glass plates end heat cross-linked to obtain a plate sample of a 

^ coloured silicone eiastonner. since the thus-obtained coloured sllicono elastomer easily exuded the dye on the surface, 
it was not appropriate for use as a material in contact with IMng organisms. 

[004ai In this spedfication. the verb "comprise" has its normel dlctionaiy meaning, to denote non^excludlve Inclusion, 
That Is, use of the word "comprise" (or any of Its dertvativesl to include one feature or more, docs not exclude the 
possibility of also including further features. 
so [0049] The reader's attention is directed to all and any priority documents identified In connection with this application 
andto all and any papers and documents which are filed ooncunrjntly with or previous to this specification In connection 
With this application and which are open to public inspection with this specificaiion, and the contents of all such papers 
and documents are incorporated herein by reference. 

[D050] Ail of the features disclosed In this specification (including any accompanying claims, abstractand drawings), 
35 andfar all of the steps of any method or process so disclosed, may be combined In any combination, exoept oombina- 
tions where ai least some of suoh features and/or stops are mutually exdush/e. 

[0051 ] Each feature disolo&ad In this spedficatlon (Including any accompanyfng claims, abstract; and drawings] . may 
be replaced by altamative features serving the same, equivalent or similar p uipo&a, unless expressly stated otherwise. 
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Thus, unless expressly stated otherwise, each feature disclosed is one example only of a generic series of equlvalerit 

or similar foaturos. 

[Dosz] The Invention Is not restricted to the details cT the foregoing embodlment(8). The Ifwentlon extends to any 
novel one, ordny novel combinadon, of thefoatiinss disclosed in this specification (including any accompanying claims, 
abstract end drawhgs), or io any novel one, or any novel combination, of the steps or any method or procoss so 



disdosedi 



Ckilme 

1 . A dye for an Intraocular lens having the following fomiula [I] or [I I]: 




wherein fV is linear or branched aBcyi of C^-C^^ or phenyl; when Is phenyl, one or more hydrogens of Its 
aromatic ring may be substituted by linear or branched alkyl of C^-C^qi linear or branched alltoxyl of Ct-C^o, 
25 hydroxy, amino, suifo, nitro, halogen, carboxy, -C(=0)-0-FY*or-C(=0}-Nf-l-R^, wherein is llnearor branched 

alkyl of O^-C^O' 

is linear or branched alkyl of C^-C^q. amino or phenyl; when is amino, one or both hydrogens thereof 
may be supstituted by linear or branched alkyl of O^-C^^, or when R^ Is phenyl, one or more hydrogens of its 
so aromatic ring may be substituted by linear or branched alkyl or C^-C,o> 'inear or branched alkoxyi of C^-C^q* 

hydroxy, amino, sulfo, nitro, halogen, carboxy, -C(=0)-0-R* -C(=0)-NH-F»*. wheieln R* Is linear or branched 
alkyl of C^-Cio; 

R3 is pheriyl or naphthyl, one or mora hydrogons thereof are linear or branched alkyl of C^-C^g, linear or 
» branched alkoxyi of Ci-Cio, hydroxy, amino, sulfo. nitn?. hatogen, cartjoxy, -C(=0)-0-R*, -C{=0)-NH-R^, 

wherein R^ Is linear or branched alkyl of &|-C^q; and 

in formula [I], at least one hydrogen of the aromatte ring constituted In R**, or R^ is substituted by any of 
CHa«CH-(CH2)„-, CH2»CH-(CHa)^-Xi-(CH2)r,*. CH2=C{R5)-(CHa)„.Xi-C(=0)-(CHg)n-,CH2=C(R5).(CHa)„-C 
40 (=0)-Xi-(CHg)n-. {CH2=C(R5h(CH2),„'}zN^(CH2)n-, or iCH^0m'(CH^^-)zt^'G{=OHCH^^-; wherein Is 

-O- or -NR^-, RS and R^ are independently hydrogen, or linear or branched alkyl of C^-^Ciq, and m and n are 
indopondently Integers In the range 0 to 10: 



so 




wherein Rii. R^^, Rid ri4 ris^ ris p^i?^ f)i6, |:{is end R^ ai« independently selected from hydrogen, hy- 
ss droxy. halogen, or linear or branched alkyl of C^^^C^q, and at least one of them Is a substituted group repna- 

eented by: 
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wherein R^^ and ar^ inefapandemly nydrogen or methyl, is hydrogen or linear orbranclied alkyl ef 
10 Gj -C, 0, X^^ r and X^^, independently, have covalent bonds, or linear or Jaranished bivalent spacer greups. 

or -(CH2>m-0-(CH2)n-. wherein m and n are Independently integers in the range 0 to 10, 

2. A eelouring silicDne metarlal which ]s obtained from chemical bonding of the dye represented by formula [I] or [li] 
ctf claim 1 to a silicone polymer having hydrosilyl groups. 

15 

3. A colouring dlicone material which is obtained from chemical bonding of the dye represented by formuia [I] or [Jl] 
of claim 1 and an ultraviolet absorber having functional groups capable of chemical bonding to a silicone having 
iiydrosny] groups. 

^ 4. A oolouring silicone material according to claim 2 or 3 Jn which itie silicone having hydrosilyl groups is selected 
from the group comprising a dimathylsiloxane-methylhydroslloxane eopolymer, a diphenylsfloxane-phenylhydrosi- 
loxane copolymer, polyethylhydroslloxane, a mothylhydrosifexane-phenylmethytelloxano copolymer, a melhylny- 
drosiloxane-octylmetnylsiioxane copolymer, a allioone resin containing hydrosilyl groups and polyphenyKdimeth- 
ylhydrosiloxy)5i loxane. 

5. A silicone elaslomer obtained by crusslinKing of a ellicone having hydrosilyl groups according to claim 2 orS with 
a silicone having vinyl groups* 

6. A silicone elastomer obtained by crosslln king Of a eiilcone having hydrosilyl groups according to dalm 2 or 3 with 
so a silicone having vinyl groups and a silica. 

7. An intiaocular lens comprising a dye, colouring silloone material or aillcone elastomer as claimed In any of the 
preceding claims. 
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CLAOyiS INCUARiNG FEES 



The prAsent Europasn potem epplleofion oamprfsoci skitte time flino more ihan ten claims. 



□ 



□ 



Only pan or the da vi& nave been patd wtitiln tne pnsoriDad tins nmn. ine preseni Euiopeon searm 
mpon hae pcien drai^n up lor iho urst len cialins ami for those daUne tor wtM ctalme fees 
been pa^d. nameV daiin(s): 



KQ dalms tees Have been paid wfltiln tno proscribed Hm llmlL Ttie-piesent Eun^an seaich report Has 
been drawn up fpr the tdst ten ctalms. 



mOK OF UNITY OF mVENTION 



-me Seajcti Division gonwtera that We present European patent application does ntt eompty wtnj the 
lec^uiremenie d unny cf mvamion ana raiate& lo Beverai mvanHons or groups or mvanaons, namely: 



see sfieet B 



□ Al turttiGt searcn laas have been paid wihlniha todikne HritL Ttid pieseftt Cuiopean aeaich lapoit Iik 
txe^ draum up lof all dalms. 



□ 
□ 



As all asarchablB claims could be searched wlttiout enort justftylng fin addllfonaS fee, the Seaicn DMstan 
did notiWha peymentofanyaddHlDJiaifBe, 

Only part d the fuithar aaaich reaa have been pekS wltWn t» ftmd «*» itmli. The present European 
eeaicn ropon has been drawn t/p for those pans of ihe Bjiopaan paiant appecaUon «rtilch relate to tha 
irivemione in re^ea of iiMKichaeaicft lees have been peid»rtametyciftima: 



None of trie funher search fees have been paid wfthln the fixed t]me flipL Hw msent EuiDpean s«ardi 
n^ort has been drawn uplor mose parts onhe european patemflppDcalJon wrfctirMta toihe invention 
arai montionBd in the olaimSk namely dainne: 
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iBqifliBniems gf unity of invdndan and uMatesto sovBrallnvoflttonsor gioups or kwomlon^ namoisr: 

1. Claims: 1-7 (1« part) 

Dyes for Intraocular lenses cf formula 'll, slllcorw 
material containing $at<I dye and intraocular lens coaprlslng 
said silicon matonal. 



z. Clalros! I-7C1I1 part) 

■ Dyes for Intraocular lenses of formula 'U!. silicone 
material containing said dlye and Intraocular lens comprising 
said silicon material. 
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